INTRODUCTION
It has been recognized for many years that part of the ions that enter plant tissue bathed in a salt solution are not irreversibly sequestered but enter and are free to leave again in accordance with Fick's law of diffusion and principles pertaining to Donnan or ionic exchange equilibria (8, 9, 13, 16) . This phenomenon is generally ascribed to the non-metabolic diffusive movement of salt into a part of the tissue (the free space) which presents little if any resistance to the entry of dissolved materials. Some importance has been attached to the measurement of free space in terms of the relative volume of tissue involved. The difficulties inherent in such measurements have been discussed thoroughly by Briggs and Robertson (3) and need not be considered here. In this article the authors have followed Jacobson et al (13) and have sought to avoid questions of volume and space by using the term "non-metabolic uptake". Arbitrarily we have included under this heading ion uptake at low temperatures, in an atmosphere of N2, or in the presence of metabolic inhibitors.
Studies of non-metabolic absorption have been carried out with tissue slices and whole roots (16) . Most of the tissue comprising these materials consists of mature cells since even where whole roots are used the meristematic portion amounts to only a small fraction of the sample taken. Over and above their capacity for non-metabolic uptake of salt such tissues exhibit a pronounced ability to absorb ions metabolically by a process that is relatively irreversible. This phenomenon makes necessary the postulation of a barrier either within the cell or at its surface which is impermeable to ions in the medium. According to some evidence (1), the barrier is perhaps the tonoplast, the vacuoles representing a sink or dead end in which ions are trapped as they move through the symplast. The possibility is not ruled out that the plasmalemma may represent the barrier, but if this were the case, it would become necessary to limit non-metabolic uptake of ions to the cell walls and the intercellular spaces (16, 17) . Yet a third conception is that the whole cytoplasm constitutes a barrier, 'Received May 2, 1960. that is, there may be ionic exchange sites throughout the cytoplasm which are but slowly accessible to ions of the medium (19) 
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In 10 hours 40 root tips sectioned as described above absorbed 15.0 ,ue of Na whereas the value for unsectioned tissue was 14.0 yLe. After 10 hours in nonlabeled 0.005 At NaCi at 00 C, both sectioned and unsectioned root tips were found to have retained 73 % of the sodiunm previously taken up. Thus, sectioning had an appreciable effect neither upon the ability of this material to take up Na nor upon its ability to retain Na against isotopic exchange. The initial phase of this research was devoted to studying Na uptake by the segments as influenced by the concentration of NaCl in the medium. For each uptake determination, a weighed batch of 40 segments was placed in 500 nml of the appropriate NaCl solution for 8 hours at 210 C. The initial pH of the culture solution was 6.0. At the end of the absorption period the segments were washed twice in 500 ml of distilled water for about five nminutes and then filtered out each time on a nylon net. The washed segments were ashed and analyzed for Na by a Beckmann flame photometer with photomultiplier attachment. Each quantity plotted on the ordinate (fig 5) represents an average of the uptake values for three separate batches of 40 segments.
The secondl research phase dealt with metabolic and non-metabolic uptake of sodiunm by the root segments. The experiments were carried out with Na22 (half-life, 2.6 yr). Using NaCl solutions labeled with this isotope, it was possible to determine time curves on single batches of 40 segments. In these studies, however, the segnments were not washed in distilled water after an absorption period. Instead, the segments were blottedl free of adhering liquid and the sodium content of the fresh tissue was determined by counting the Na22 gamma emission with Berkeley Decimal Scaler (Model 2001) and a lead shielded scintillation (letector. Since the blotting and counting of the segments were carried out in less than 10 minutes, the segments could be returned to the culture solution for another absorption period. While being counted the tissue was sealed in the planchet to avoid drying out.
This procedure was used to determine the sodium uptake versus time curves for the various sections of maize roots at 20 C and 260 C. For each curve 40 segments of tissue were placed in 500 ml of 0.005 N NaCl labeled with 0.02 uc of Na22 per ml. The initial pH of the culture solution was 6.0; the pH did not vary appreciably throughout the experiment. The curves for 20 C and 260 C are presented in figure 1 .
Experiments conducted in this way with different batches of roots were found to give consistent results as evidenced by the data of table I. Although only the 24 hour absorption data are presented, the data obtained for other absorption periods were similarly consistent.
The Na22 was also used in two isotopic exchange studies with the various root sections. These experiments were suggested by the general observation that isotopic exchange between ions of the culture nmedlium and( metabolically absorbed ions usually is slow whereas isotopic exchange between ions of the nmedium and non-metabolically absorbed ions often is rapid. In the first study 40 of each of the four segments were immersed for 11 hours at 260 C in 500 ml of a 0.005 N NaCl solution labeled with 0.02 gc of Na22 per ml. Then the sections were removed, blotted dry, and their radioactivity measured. Each batch of 40 segments was then placed in unlabeled 0.005 N NaCl at 20 C.
The loss of Na22 by the segments Nwith time wvis de- termined by removing the segments periodically and counting them as previously described (fig 3 ) . In the second study, batches of the various segments each were first placed in 10 ml of 0.010 N NaCl labeled with 0.10 ,uc of Na22 per ml for 2 hours at 260 C.
They were then removed, blotted dry, and their radlioactivity was determined. Following this, one batch of each segment was placed directly in 10 nml of unlabeled 0.010 N NaCl at 00 C. The other batches were so treated after having been allowed to stand for periods up to 3 hours in a moist chamber at roomi temperature (-21°C). After The presumed high metabolic activity of the first segment is, however, not associated with a parallel high rate of sodium uptake (fig 1) . This apparent anomaly has been previously noted in studies dealing with the absorption of potassium by maize roots (5). As with K absorption, the first segment shows a relatively low rate of sodium uptake. Kramer and Wiebe (12) on the other hand report that phosphate is usually more actively absorbed by cells at the root tip than by those immediately behind it in the region of elongation. Of greater significance perhaps is the form of the time curve of absorption for the first segment (fig 1) . Absorption by this segment has apparently ceased after about ten hours exposure to the solution whereas in the case of the more nmature segments the process has gone on for at least 24 hours although at a reduced rate. There are at least two possible reasons for this behavior. The obvious possibility is that the rapidly respiring first segment has completely exhausted its reserves of substrate after ten hours and Fig. 2 therefore is unable any longer to provide energy for active accumulation although the barrier is still functional and preventing any appreciable loss to the surrounding medium. A second possibility is that absorption by the first segment is wholly or mostly non-nmetabolic and that the immature cells comprising this segment are incapable of irreversibly absorbing sodium. If this is the case we must assume that after about ten hours the tissue of the first segment has arrived at equilibrium with respect to the distribution of sodium between itself and the solution.
The experimental results reported in figure 3 support the second possibility. At the end of the experiment less than 10 % of the original activity remained in the first segment whereas about 88 % had been retained by the third segment and 70 % by the fourth. The behavior of the second segment requires some comment. While being much more retentive than the first segment, some 65 % of the initial activity remaining after 11 hours, the second segment is not in equilibrium with the medium at the end of the experiment but is continuing to give up sodium. The reason for this is not clear but it seems most probable that this phenomenon is related to the presence of non-vacuolated tissue in the second segment. Repetitions of this experiment yielded essentially the same results.
From figure 1 , where the absorption versus time curves for 20 C and 260 C are compared, it is apparent that metabolism plays a minor role in absorption of sodium by the first segment whereas in succeeding segments its part is considerable and increasingly so as the cells mature. In this connection, it is interesting that the increase in cell wall material and intercellular space taking place as the cells mature does not lead to an increase in the capacity for nonmetabolic sodium absorption, but quite the reverse. This fact appears to indicate that something more than the outer reaches of the cell is involved in this type of uptake. Also, the relatively long period required for the first segment to come to equilibrium with the environment suggests strongly that the essentially non-metabolic uptake of sodium involves an attachment of the ion to sites within the protoplasm and perhaps an incorporation of sodium in protoplasmic structure as has been suggested elsewhere (19) The question as to the location of the barrier region operative in metabolic absorption cannot be answered definitely on the basis of this research. Because of the evidence that at least part of the cytoplasm is involved in non-metabolic uptake, however, it may be presumed that the barrier is situated deeper in the cell than the plasmalemma. The writers are inclined to believe that the cytoplasm itself is rather resistant to the entry of sodium and probably to other ions and may actually constitute the barrier region.
SUM MARY
Using separate sections of the root tips of maize and NaCl solutions labeled with Na22, the uptake of sodium by essentially non-vacuolated tissue (0-1.8 mm from tip) has been compared with that in tissues farther from the tip in which vacuolation is progressively more nearly complete.
For the non-vacuolated tissue, the sodium uptake versus time curves at 20 C and 260 C were nearly identical. In the older tissues, however, a much greater sodium uptake was observed at 260 C than at 20 C. Isotopic dilution experiments with Na22 showed in the case of the non-vacuolated tissue an almost complete isotopic equilibrium between sodium of the tissue and sodium of the medium after a period of about ten hours whereas the vacuolated tissues were still far removed from isotopic equilibrium.
By means of Na22 it was found that vacuolated tisstues are able to transform non-metabolically absorbed sodium into a more difficultly exchangeable form during standing at 210 C in a moist chamber. Non-vacuolated tissue is unable to acconmplish this.
On the basis of the experiments it is concluded that sodium uptake in the non-vacuolated sections is purely non-metabolic. That is, the ability for the metabolic absorption of sodium appears to coincide with the development of well define(d vacuoles.
Because of the relatively long time required for isotopic equilibrium betweein sodium of non-vacuolated tissue and sodium in the culture medium, it is concluded that at least part of the cytoplasm is involved in the non-metabolic uptake of that element.
The sodium uptake versus concentration curves were of essentially the same form for the various root sections. This was the case in spite of the profound differences in the character of sodium absorption in tissues at different stages of development.
